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Household energy use is of relevance for studies of sustainability and fuel poverty.
Detailed mapping and spatial analysis is possible in the UK due to the release of
ﬁne-scale household energy-use data. The cartographical approach used here focuses
on urban energy use and the relative performance of urban areas in England and
Wales. The energy-use data were transformed to a 1 km
2 grid of cells allowing con-
sistent comparisons to be made between urban areas at the same zonal scale. Addi-
tionally cells were extruded according to population density, highlighting basic
relationships between density and energy use. The urban perspective on energy use
is important due to the strong inﬂuence of the built environment in determining
energy efﬁciency, and furthermore due to the clustering of afﬂuent and deprived
social groups in cities. The results of the mapping highlight how the lowest and the
highest energy-use districts are located within the same city-regions, and how further
variations in energy use relate to housing density and energy-efﬁciency behaviours.
Keywords: domestic energy use; urban form; density; consumption; 3D grid
Method
A recent innovation from the UK government has been to increase the spatial resolu-
tion of household energy consumption data to Lower Layer Super Output Area
(LSOA) scale (DECC, 2014a), enabling more detailed mapping. Note that a number
of assumptions are made in the production of these data (DECC, 2014b). For this
analysis, gas and electricity use have been combined into a total household energy
measure.
Standard UK energy use maps (e.g., ONS, 2013) suffer from the limitations of
choropleth mapping (Dorling, 1993): namely the visual prominence given to large rural
zones of low population, and the restricted legibility of urban areas. As an alternative
approach, the data here have been transformed to a 1 km
2 grid (using a spatial join
based on areal proportion). This technique assumes that the households within each
zone are evenly distributed across space. In urban areas the LSOA zones are smaller
than the 1 km
2 grid squares, and these assumptions have little effect. In rural areas,
where census zones increase signiﬁcantly in size, the grid technique is not appropriate.
Consequently a threshold of 1000 residents per km
2 has been applied, and the map is
not suitable for understanding patterns in rural areas.
*Email: duncan.a.smith@ucl.ac.uk
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 As a ﬁnal step, the grid cells have been extruded in three-dimensions (3D) according
to the population density in each cell. The reasons for doing this is, ﬁrstly, to give
greater visual prominence to areas where more people live and, secondly, to provide a
visual indication of relationships between density and energy use.
Figure 1. Household domestic energy consumption estimates in England and Wales, 2012, at the
scale of 1 km
2 grid cells. Cell heights show population density in 2011; densities below 10 resi-
dents per hectare are excluded. The map is available in interactive form at: http://luminocity3d.
org/.
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 Results
The household energy consumption map (Figure 1) clearly displays the two primary
drivers of household energy use: housing type and afﬂuence. Major cities are character-
ized by a high-density core of lower energy consumption, averaging less than 15,000
kWh per household compared with city-wide averages of around 18,000 kWh for
London, Manchester and the West Midlands. This density trend can also be seen in the
efﬁcient performance of higher density cities, such as Brighton (15,750 kWh city
average), Bristol (16,000 kWh) and Liverpool (16,500 kWh).
The areas of lower consumption contrast strongly with afﬂuent suburban areas,
where average consumption is above 27,000 kWh. This wealth relationship is most
clearly seen in Greater London in the stark difference between east and west. The towns
with the highest energy use in England and Wales (above 20,000 kWh) are in the com-
muter belt of London. Similar trends of high-consumption suburbs are also visible in
South Manchester, North Leeds and West Shefﬁeld. In addition to the built-environment
factors of large detached housing, there is also a signiﬁcant behavioural element in the
wealth–energy relationship. Richer households can generally afford to be more proﬂigate
in their heating and appliance use (Druckman & Jackson, 2008).
By far the most efﬁcient region in England and Wales is the South West, where cit-
ies such as Plymouth and Exeter have the lowest average consumption ﬁgures of around
14,000 kWh. As well as being the inﬂuence of the milder climate, this could reﬂect
positive behavioural measures in a region renowned for green industries.
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